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The object of the present invention is to provide antifoams 
Which have a good antifoam effect in aqueous dispersions of 
polymeric organic substances, cause no Wetting defects When 
these dispersions are applied to a surface and at the same time 
retain their antifoam activity even after prolonged storage at 
temperatures doWn to the freezing point. 
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USE OF GRAFTED POLYETHERSILOXANE 
COPOLYMERS FOR IMPROVING THE 
LOW-TEMPERATURE STABILITY OF 

ANTIFOAMS IN AQUEOUS DISPERSIONS 

[0001] This application claims bene?t under 35 U.S.C. 119 
(a) of German patent application DE 10 2006 041 089.0, ?led 
on 1 Sep. 2006. 
[0002] Any foregoing applications, including German 
patent application DE 10 2006 041 089.0, and all documents 
cited therein or during their prosecution (“application cited 
documents”) and all documents cited or referenced in the 
application cited documents, and all documents cited or ref 
erenced herein (“herein cited documents”), and all docu 
ments cited or referenced in herein cited documents, together 
With any manufacturer’s instructions, descriptions, product 
speci?cations, and product sheets for any products mentioned 
herein or in any document incorporated by reference herein, 
are hereby incorporated herein by reference, and may be 
employed in the practice of the invention. 
[0003] The use of polyoxyalkylene polysiloxane block 
copolymers, also knoWn as polyethersiloxanes, as antifoams 
for defoaming aqueous solutions or dispersions is knoWn and 
is described, for example, in DE-A-l 012 602 (US. Pat. No. 
2,917,480). 
[0004] The antifoam properties in these applications can be 
substantially improved, in particular by using Water-insoluble 
block copolymers of this type. Such a preparation for defoam 
ing aqueous solutions or dispersions is described in DE-A-2 
443 853. Mixtures of organic oils, such as, for example, esters 
of alcohols and fatty acids and a polydimethylsiloxane-poly 
oxyalkylene block polymer are likeWise described as anti 
foam formulations, as claimed, for example, in Us. Pat. No. 
4,028,218 and DE-A-3l 23 103. 
[0005] These preparations knoWn from the prior art and 
containing polyoxyalkylene-polysiloxane block copolymers 
are more or less suitable for avoiding the foam formation of 
aqueous solutions or aqueous dispersions but have the disad 
vantage that they cause Wetting defects on application to 
surfaces When used in dispersions of binders, coating mate 
rials and adhesives. Such Wetting defects, Which manifest 
themselves by non-uniform Wetting of the substrate or by the 
formation of defects of different siZes, occur to a particular 
extent in the case of aqueous dispersions of polyurethanes. 
[0006] DE-A-38 07 247 (U.S. Pat. No. 5,032,662) claims 
polyoxyalkylene-polysiloxane block copolymers Which 
exhibit a good antifoam effect in aqueous dispersions of poly 
meric organic substances but at the same time do not cause 
any Wetting problems on application of these dispersions to a 
surface. This also applies in particular to the application of 
antifoam-containing dispersions of binders, coating materials 
and adhesives. 
[0007] HoWever, it has been found that the aqueous disper 
sions of polymeric organic substances to Which such prepa 
rations have been added have disadvantages in use. In par 
ticular, the antifoams used partly or completely lose their 
antifoam activity after cooling of the dispersion to certain 
temperatures occurring in practice, for example during stor 
age, such as, for example, 5° C. 
[0008] It is therefore the object of the present invention to 
provide novel antifoams Which exhibit a good antifoam effect 
in aqueous dispersions of polymeric organic substances, 
cause no Wetting problems When these dispersions are 
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applied to a surface and at the same time retain their antifoam 
activity even after prolonged storage at temperatures occur 
ring in practice, doWn to the freeZing point. 
[0009] This object of the invention can surprisingly be 
achieved by using grafted polyoxyalkylene-polysiloxane 
block copolymers P Which have been obtained by grafting 
ethylenically unsaturated compounds (monomers) M onto 
polyoxyalkylene-polysiloxane block copolymers or onto cor 
responding precursors. An object of the invention is therefore 
the use of grafted p block copolymers P as claimed in the 
claims. 
[0010] For the preparation of the grafted copolymers P to be 
used according to the invention, tWo processes are in principle 
suitable. In the ?rst process, the polyethersiloxanes are pre 
pared before the grafting step; in the second process, the 
polyethers are ?rst grafted, and the grafted polyethers are then 
reacted With the corresponding siloxanes to give graftedpoly 
ethersiloxanes P to be used according to the invention. The 
products to be used according to the invention can be prepared 
by both processes in such a Way that they cannot be distin 
guished. 
[0011] The polyoxyalkylene-polysiloxane block copoly 
mers Which can serve as a grafting base are described by the 

folloWing formula (I) 

in Which the radical 

A is a Polyoxyalkylene Block of the Average Formula (II) 

[0012] 
[(cgHztdR'dob.(CXHZXQACZHMR'JQJ (II) 

[0013] in Which 
[0014] d is from 1 to 3, 
[0015] n is 20, 
[0016] x is from 2 to 10, 
[0017] r is 20, 
[0018] tis 20, 
[0019] n+r+t is 21, 
[0020] and 
[0021] R' is a monovalent aromatic, optionally substi 

tuted hydrocarbon radical, 
[0022] R" is a hydrogen radical or a monovalent hydro 

carbon radical having 1 to 18 C atoms, 
[0023] R1 is an H atom, a monovalent organic linear or 
branched alkyl radical having the chain length C 1 -C40 or 
a carboxyl radical of an optionally branched alkyl or aryl 
ester, 

B is a Polysiloxane Block of the Average Formula (Ill) 

[0024] 

(III) 
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[0025] in Which 
[0026] R2 are identical or different and comprise an alkyl 

radical having 1 to 4 carbon atoms or a phenyl radical 
and 

[0027] y has a value from 5 to 200, 
[0028] m has a value from 2 to 100, 
[0029] p has a value from 0 to 1 and 
[0030] q has a value from 0 to 1, 
[0031] or by the formula (IV) 
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[0044] The grafted difunctional polyethers, optionally after 
further chemical modi?cation, are then reacted With 0t,u) 
difunctional siloxanes according to the methods knoWn to the 
person skilled in the art to give the grafted polyethersiloxane 
copolymers P according to the invention. The reaction of 
grafted dihydroxy-functional polyethers With 0t,u)-SiH-silox 
anes or 0t,u)-SiCl-siloxanes is particularly preferred. 
[0045] The dihydroxy-functional polyethers required for 
this purpose are obtained from a dihydroxy-functional initia 

[0032] in Which the radicals R1, A, B and m, p and q have 
the abovementioned meaning and 

[0033] C is a linear or branched alkylene radical having 
2 to 20 carbon atoms. 

[0034] The polyoxyalkylene blockA of the general formula 
(II) may also comprise mixtures of different polyoxyalkylene 
blocks. 
[0035] Those polyoxyalkylene-polysiloxane block copoly 
mers in Which all radicals R2 are methyl radicals are particu 
larly preferred. The radical R1 is preferably a hydrogen radi 
cal or an alkyl radical having chain lengths betWeen Cl and 
C6. 
[0036] The index m, Which has an average value of from 3 
to 20, preferably from 4 to 15, particularly preferably from 5 
to 13, in the case of the block copolymers used according to 
the invention, assumes a particularly distinctive signi?cance. 
[0037] The polyethers PE used for the preparation of the 
grafted copolymers P according to the second process include 
all the difunctional polyethers PE Which, after the grafting 
process, can be linked linearly to cum-functional siloxanes so 
that (AB)n structures form. 
[0038] A multiplicity of suitable polyether derivatives PE is 
available as the grafting base. 
[0039] Particularly suitable polyether derivatives PE are 
those of the general formula (V) 

F(O(C2H4.dR'dO)n(CXHbO)r(C2H4.dR'dO)rF) (V) 

having the meaning 
d from 1 to 3, 
n20, 
x from 2 to 10, 

r20, 
tZO, 
n+r+t§ 1 , 

[0040] F an H atom or a functional optionally branched 
hydrocarbon radical having 1 to 18 C atoms, 

[0041] R' a monovalent aromatic, optionally substituted 
hydrocarbon radical, 

[0042] R" a hydrogen radical or a monovalent hydrocarbon 
radical having 1 to 18 C atoms. 

Dihydroxy-Functional Polyethers of the General Formula 
(V1) 
[0043] 

in Which R', R", d, n, x, t and r have the abovementioned 
meanings, are particularly preferred. 

tor alcohol or Water by an addition reaction With monomers. 
Suitable monomers are ethylene oxide, propylene oxide, 
compounds from the group consisting of tetrahydrofuran, 
1,2-epoxybutane (n-butylene oxide), 2,3-epoxybutane 
(isobutylene oxide), dodecyl oxide, and styrene oxide and/or 
methylstyrene oxide. The distribution of the monomers may 
be chosen as desired, so that, for example, blocks may be 
present. In addition, a mixture of the monomers may also be 
used, so that polyethers in Which the units are present in 
random distribution are obtained. 
[0046] The monomers M can be homopolymeriZed or 
copolymeriZed using conventional synthetic methods in the 
presence of the block copolymers. For example, these may be 
solution polymeriZation, emulsion polymerization, inverse 
emulsion polymeriZation, suspension polymeriZation, 
inverse suspension polymeriZation or precipitation polymer 
iZation, Without the methods Which can be used being limited 
thereto. In solution polymerization, Water and customary 
organic solvents and the polyoxyalkylene-polysiloxane block 
copolymers themselves can be used as solvents. HoWever, the 
last-mentioned process is preferred. 
[0047] The grafted copolymers P used according to the 
invention may contain any relative amounts of ole?n grafted 
on the polyethersiloxane. Preferred ratios are in general from 
5 to 100% by Weight of the monomer M, based on the poly 
ethersiloxane base in each case. Particularly preferred ratios 
are in the range from 7 to 40% by Weight, based on the 
polyethersiloxane base in each case. 
[0048] Monomers M Which may be used are substances 
Which can be polymeriZed by a reaction initiated by free 
radicals. 
[0049] Suitable monomers M are hydrocarbons having at 
least one carbon-carbon double bond, for example derivatives 
of acrylic acid and methacrylic acid, as described by the 
general formula (VII) 

X4C(O)CR7:CHR6 (VII) 

in Which 
[0050] X is selected from the group consisting of the 

radicals OH, OL, 0R8, NH2, NHR8 and N(R8)2, 
[0051] L is a cation selected from the group consisting of 

Na", K", Mg“, Ca“, Zn“, NH4+, alkylammonium, 
dialkylammonium, trialkylammonium, tetraalkylam 
monium and analogous phosphonium derivatives, R7 
and R6, independently of one another, are selected from 
the group consisting of: iH, linear or branched C1-C8 
alkyl chains, methoxy, ethoxy, 2-hydroxyethoxy, 
2-methoxyethoxy and 2-ethoxyethyl, 
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[0052] R8 may be derived from linear C 1-C4O-alkyl radi 
cals, branched C3-C4O-alkyl radicals, aromatic alkyl 
radicals or carbocyclic C3 -C4O-alkyl radicals, frompoly 
functional alcohols having 2 to 10 hydroxyl groups, such 
as ethylene glycol, hexylene glycol, glycerol and 1,2,6 
hexanetriol, or from alcohol ethers, such as methoxy 
ethanol and ethoxy ethanol or polyethylene glycols. 

[0053] Further suitable monomers M are vinyl ethers, vinyl 
alcohols, styrene, derivatives of styrene and mixtures of these 
monomers. 

[0054] Other suitable monomers M are vinyl and allyl 
esters of linear C1-C4O-carboxylic acids, branched C3-C4O 
carboxylic acids or carbocyclic C3-C4O-carboxylic acids 
(eg; vinyl acetate, vinyl propionate, vinyl neononanoate, 
vinyl neoundecanoic acid or vinyl ter‘t-butylbenZoate), vinyl 
halides, preferably vinyl chloride, and vinyl ethers, prefer 
ably methyl, ethyl, butyl or dodecyl vinyl ether. 
[0055] Furthermore suitable are N-vinylimidaZoles of the 
general formula (VIII), in which R14 to R1 6, independently of 
one another, are hydrogen, C l-Cs-alkyl or phenyl: 

(VIII) 

[0056] N,N-Dialkylaminoalkyl acrylates and methacry 
lates and N-dialkylaminoalkyl acrylamides and -methacryla 
mides of the general formula (IX) 

(1X) 
R9 

IRIOIX 

O 

Where 
[0057] R9 is H, or alkyl having 1 to 8 C atoms, 
[0058] R10 is H or methyl, 
[0059] R11 is alkylene having 1 to 24 C atoms, optionally 

substituted by alkyl, 
[0060] R12, R13 are a Cl-C4O-alkyl radical, 
[0061] Z is nitrogen for x:l or oxygen for x:0, 

are furthermore suitable. 

[0062] The amides may be unsubstituted, N-alkyl- or 
N-alkylamino-monosubstituted or N,N-dialkyl-substituted 
or N,N-dialkylamino-disubstituted, Wherein the alkyl or 
alkylamino groups are derived from linear C1-C4O, branched 
C3-C4O or carbocyclic C3-C4O units. 
[0063] Preferred monomers of the formula (IX) are N,N 
dimethylaminomethyl (meth)acrylate, N,N-diethylaminom 
ethyl (meth)acrylate, N,N-dimethylaminoethyl (meth)acry 
late, N,N-diethylaminoethyl (meth)acrylate, and N,N 
dimethylaminopropyl (meth)acrylate. 
[0064] Particularly suitable monomers M are methyl acry 
late, ethyl acrylate, propyl acrylate, n-butyl acrylate, isobutyl 
acrylate, tert-butyl acrylate, 2-ethylhexyl acrylate, decyl 
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acrylate, benZyl acrylate, benZyl methacrylate, methyl meth 
acrylate, ethyl methacrylate, propyl methacrylate, n-butyl 
methacrylate, isobutyl methacrylate, tert-butyl methacrylate, 
2-ethylhexyl methacrylate, decyl methacrylate, methyl 
ethacrylate, ethyl ethacrylate, n-butyl ethacrylate, isobutyl 
ethacrylate, tert-butyl ethacrylate, 2-ethylhexyl ethacrylate, 
decyl ethacrylate, 2,3-dihydroxypropyl acrylate, 2,3-dihy 
droxypropyl methacrylate, 2-hydroxyethyl acrylate, hydrox 
ypropyl acrylates, 2-hydroxyethyl methacrylate, 2-hydroxy 
ethyl ethacrylate, 2-methoxyethyl acrylate, 2-methoxyethyl 
methacrylate, 2-methoxyethyl ethacrylate, 2-ethoxyethyl 
methacrylate, 2-ethoxyethyl ethacrylate, hydroxypropyl 
methacrylates, glyceryl monoacrylate, glyceryl 
monomethacrylate, polyalkylene glycol (meth)acrylates, 
unsaturated sulfonic acids, vinyl ethers (for example: methyl, 
ethyl, butyl, or dodecyl vinyl ether), methyl vinyl ketone, 
vinylfuran, styrene, alpha-methylstyrene, meta-methylsty 
rene, methylstyrene isomer mixture, tert-butylstyrene, vinyl 
toluene, styrene sulfonates and mixtures thereof. 
[0065] In addition to the abovementioned monomers, so 
called macromonomers, such as, for example, ether-contain 
ing macromonomers having one or more groups capable of 
free radical polymerization or alkyloxaZoline macromono 
mers, as described, for example, in EP-A-408 311 (US. Pat. 
No. 5,166,276), can be used as monomers M. 

[0066] Furthermore, ?uorine-containing monomers, as 
described, for example, in EP-B-558 423, crosslinking com 
pounds or compounds Which regulate the molecular Weight 
can be used in combination or alone. 

[0067] A customary compound knoWn to the person skilled 
in the art, such as, for example, sulfur compounds, (eg; 
mercaptoethanol, 2-ethylhexyl thioglycolate, thioglycolic 
acid or dodecyl mercaptan) and tribromochloromethane or 
other compounds Which regulate the molecular Weight of the 
polymers obtained, can be used as regulators. Ether com 
pounds containing thiol groups can optionally also be used. 
HoWever, ether-free regulators are preferably used and the 
synthesis conditions are adjusted so that no regulators have to 
be used. 

[0068] Compounds having at least tWo ethylenically unsat 
urated double bonds, such as, for example, esters of ethyleni 
cally unsaturated carboxylic acids, such as acrylic acid or 
methacrylic acid, and polyhydric alcohols, ethers of at least 
dihydric alcohols, such as, for example, vinyl ether or allyl 
ether, can be used as crosslinking monomers. Also suitable 
are straight-chain or branched, linear or cyclic aliphatic or 
aromatic hydrocarbons Which, hoWever, carry at least tWo 
double bonds, Which must not be conjugated in the case of the 
aliphatic hydrocarbons. Further suitable crosslinking agents 
are divinyldioxane, tetraallylsilane or tetravinylsilane. 
[0069] Particularly preferred crosslinking agents are, for 
example, reaction products of polyhydric alcohols With 
acrylic acid or methacrylic acid, methacrylates and acrylates 
of polyalkylene oxides or polyhydric alcohols Which have 
been reacted With ethylene oxide and/ or propylene oxide 
and/or epichlorohydrin. As is familiar to the person skilled in 
the art, hoWever, the molecularWeights can be adjusted so that 
no crosslinking agents are necessary. 

[0070] The graft polymerization is initiated by free radical 
initiators, such as organic peroxides, e. g. dibenZoyl peroxide, 
diacetyl peroxide or dilauroyl peroxide, by aZo substances, 
such as, for example, aZobisisobutyronitrile, or by any other 
substance Which liberates free radicals thermally. Redox sys 
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tems, such as, for example, dibenZoyl peroxide/benZoin, may 
also be used. Furthermore, activation by irradiation is also 
suitable. 

[0071] Said initiators are used in amounts of from about 
0.01 to 10% by Weight, preferably from 0.1 to 3%, based on 
the total amount of polyether and monomers. 

[0072] The temperature chosen for the reaction depends on 
the free radical-forming compound used. If the free radical 
formation is thermally induced, the half-life of the decompo 
sition to the primary fragments plays a decisive role and can 
be chosen so that a desired ratio of free radicals is alWays 
established in the reaction mixture. Suitable temperature 
ranges are from 30° C. to 225° C., With an upper limit due to 
the thermal decomposition of the grafting base. 
[0073] The diallylpolyethers required, for example, for the 
preparation of the polyoxyalkylene-polysiloxane block 
copolymers described in formula (IV) are obtained by react 
ing an initiator alcohol, Which is preferably allyl alcohol, by 
an addition reaction of monomers. Suitable monomers are 

ethylene oxide, propylene oxide, compounds from the group 
consisting of tetrahydrofuran, 1,2-epoxybutane (n-butylene 
oxide), 2,3-epoxybutane (isobutylene; oxide), dodecyl oxide 
and styrene oxide and/ or methylstyrene oxide. The distribu 
tion of the monomers can be chosen as desired, so that, for 
example, blocks may be present. In addition, it is also pos 
sible to use a mixture of the monomers so that polyethers in 

Which the units are present in random distribution are 
obtained. The terminal OH group can then be reacted With 
allyl chloride or methallyl chloride to give the desired dial 
lylpolyether or allylmethallylpolyether, respectively. 
[0074] The polyoxyalkylene-polysiloxane block copoly 
mers described in the formula (IV) are prepared by reacting 
the diallyl polyethers or allylmethallylpolyethers thus 
obtained With polysiloxanes by an addition reaction With 
terminal SiH groups in the polysiloxane in the presence of a 
hydrosilylation catalyst. According to the prior art, platinum, 
palladium or rhodium catalysts can be used. According to the 
prior art, a small proportion of monofunctional polyether or 
monofunctional, terminal alkene or a mixture of monofunc 
tional polyethers and alkenes is admixed in order to control 
the chain length. 
[0075] The dihydroxy-functional polyethers required for 
the preparation of the polyoxyalkylene-polysiloxane block 
copolymers described in formula (I) are obtained from a 
dihydroxy-functional initiator alcohol or Water by an addition 
reaction of monomers. Ethylene oxide, propylene oxide, a 
compound from the group consisting of tetrahydrofuran, 1,2 
epoxybutane (n-butylene oxide), 2,3-epoxybutane (isobuty 
lene oxide), dodecyl oxide and styrene oxide and/ or methyl 
styrene oxide are suitable. The distribution of the monomers 
can be chosen as desired, so that, for example, blocks may be 
present. In addition, a mixture of the monomers can also be 
used so that polyethers in Which the units are present in 
random distribution are obtained. 

[0076] The polyoxyalkylene-polysiloxane block copoly 
mers described in the formula (I) are prepared by reacting the 
dihydroxy-functional polyethers thus obtained With polysi 
loxanes by condensation With terminal SiH groups of polysi 
loxane in the presence of a coupling catalyst, according to the 
prior art, for example, of a borane catalyst, or by the reaction 
of polysiloxanes Which contain terminal SiCl groups. 
According to the prior art, a small proportion of monofunc 
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tional polyether or monofunctional alcohol or a mixture of 
monofunctional polyether and alcohol is admixed in order to 
control the chain length. 
[0077] According to the prior art, it is possible to add up to 
20% by Weight of inorganic or organic ?nely divided solids to 
the grafted copolymers P to be used according to the inven 
tion, based on said copolymers. Examples of inorganic solids 
are optionally hydrophobiZed silica, alumina, alkaline earth 
metal carbonates or similar customary ?nely divided solids 
knoWn from the prior art. Organic ?nely divided substances 
Which may be used are the alkaline earth metal salts of long 
chain fatty acids having 12 to 22 carbon atoms, Which salts are 
knoWn for this purpose, or the amides of these fatty acids. 
Further suitable organic solids are derivatives of urea, Which 
can be obtained by reacting isocyanates With amines. 
[0078] The grafted copolymers P to be used according to 
the invention can be used as such or in the form of aqueous 
dispersions. The use of dispersions is preferred oWing to the 
better possibilities of metering. In particular, aqueous disper 
sions having a content of from 5 to 50% by Weight of grafted 
copolymers are used. 
[0079] The invention is further described by the folloWing 
non-limiting examples Which further illustrate the invention, 
and are not intended, nor should they be interpreted to, limit 
the scope of the invention. 
[0080] In the folloWing examples, the preparation of the 
compounds to be used according to the invention is ?rst 
described. These are folloWed by use examples for demon 
strating the properties of the compounds according to the 
invention and, in comparison thereWith, properties Which can 
be achieved With knoWn products of the prior art. 

EXPERIMENTAL EXAMPLES 
Rcfcrcncc Example 1 

Preparation of a Dihydroxy-Functional Polyether 
[0081] Ethylene oxide/propylene oxide-containing block 
copolymer (MWz5400, 40% E0 proportion), prepared 
according to the prior art. For example, 45 g of n-butanediol 
and 7 g of potassium methanolate Were initially introduced 
into a pressure reactor and heated to 100° C. Thereafter, 3240 
g of propylene oxide and then 2160 g of ethylene oxide Were 
metered in over several hours and reacted for a further hour at 
100° C. After cooling to 80° C., the reaction mixture Was 
neutraliZed and ?lled. 

Reference Example 2 
Preparation of a Dihydroxy-Functional Polyether 

[0082] Ethylene oxide/propylene oxide-containing block 
copolymer (MWI650, 50% E0 proportion), prepared 
according to the prior art. For example, 1 mol of H20 and 
KOH Were initially introduced into a pressure reactor and 
heated to 100° C. Thereafter, 324 g of propylene oxide Were 
metered in over several hours and, after a sub sequent reaction 
time of 1 h, 216 g of ethylene oxide Were metered in over 
several hours. After a further reaction time of 1 h at 100° C. 
and cooling to 80° C., the reaction mixture is neutralized and 
?lled. 

Reference Example 3 
Preparation of an Allylpolyether 

[0083] Ethylene oxide/styrene oxide-containing block 
copolymer (MWI600, 70% E0 proportion), prepared 
according to the prior art. For example, 58 g of allyl alcohol 
and KOH Were initially introduced into a pressure reactor and 
heated to 120° C. Thereafter, 120 g of styrene oxide Were 
metered in over several hours and, after a sub sequent reaction 
time of 1 h, 440 g of ethylene oxide Were metered in at 100° 
C. over several hours. After a further reaction time of 1 h at 
100° C. and cooling to 80° C., the reaction mixture Was 
neutraliZed and ?lled. 
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Reference Example 4 

Preparation of an Allylpolyether 

[0084] Ethylene oxide/ styrene oxide-containing block 
copolymer (MWI600, 70% EO proportion), prepared 
according to the prior art. For example, 58 g of allyl alcohol 
and KOH Were initially introduced into a pressure reactor and 
heated to 100° C. Thereafter, 440 g of ethylene oxide Were 
metered in over several hours and, after a subsequent reaction 
time of 1 h, 120 g of styrene oxide Were metered in at 120° C. 
over several hours. After a further reaction time of 1 h at 120° 
C. and cooling to 80° C., the reaction mixture Was neutraliZed 
and ?lled. 

Reference Example 5 

Preparation of a Diallylpolyether 

[0085] The allylpolyether prepared in example 4 (1 mol) 
Was initially introduced, degassed (vacuum from 10 to 20 
mbar) and nitrogen Was passed through. While cooling With 
ice, 1.5 mol of cold 50% strength sodium hydroxide solution 
Were added, the temperature not exceeding 25 to 30° C. 1.7 
mol of allyl chloride Were then added dropWise in the course 
of 90 min. The reaction Was strongly exothermic. By regulat 
ing the rate of dropWise addition, the temperature Was kept 
just beloW the boiling point of allyl chloride (<45° C.). A 
slightly yelloW to orange suspension formed. After the end of 
the addition, heating Was effected for one hour under re?ux 
(60° C.). The unreacted allyl chloride Was then distilled off at 
60° C. under pressure of 100 mbar. The suspension Was 
?ltered. After transfer to a separating funnel, the aqueous 
phase Was separated off and discarded. For removal of 
organic byproducts formed during the reaction, distillation 
Was effected at 60° C. and 20 mbar (60 min). Thereafter, 
drying Was effected over sodium sulfate With vigorous stir 
ring (12 h) and ?ltration Was carried out. A clear, yelloW to 
orange product Was obtained. 

Reference Example 6 

Preparation of an (AB)n-polyethersiloxane (Formula 
(1)) 

[0086] 712 g of the polyether from reference example 1 
(OH number:50, n:2.9) Were initially introduced into a 
three-necked ?ask having a stirrer, distillation bridge and gas 
inlet tube, and the same amount of toluene Was added. After 
about 200 g of toluene had been distilled off for aZeotropic 
drying of the polyether, the mixture Was cooled to 75° C., the 
distillation bridge Was exchanged for a dropping funnel and 
288 g of an 0t,u)-dichlorodimethylpolysiloxane (B) (x:15) 
Were added dropWise in the course of 30 min. After a subse 
quent reaction time of 1 h at 80° C., neutralization Was 
effected With ammonia, ammonium chloride Was ?ltered off 
and the product Was freed from solvent. 

Reference Example 7 

Preparation of an (AB)n-polyethersiloxane (Formula 

[0087] 2.8 mol of the polyether prepared in example 5 and 
0.2 mol of 1-hexene together With 3 mol of an 0t,u)-SiH 
siloxane (N :50, SiH:0.55) and 10 ppm of platinum catalyst 
Were initially introduced into a three-necked ?ask and heated 
to 90° C. With stirring. After a subsequent reaction time of 1 
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h at 120° C., the clear product Was distilled under vacuum (<5 
mbar) from an oil pump, ?ltered and ?lled. 

Reference Example 8 

Preparation of an (AB)n-polyethersiloxane (Formula 
(IV)) 

[0088] 6.5 mol of the polyether prepared in example 5 and 
0.5 mol of the allylpolyether prepared in example 4, together 
With 7 mol of a siloxane having SiH side groups (20.5/ 5, 
SiH:2.52) and 10 ppm of platinum catalyst, Were initially 
introduced into a three-necked ?ask and heated to 90° C. With 
stirring. After a subsequent reaction time of 1 h at 120° C., the 
clear product Was distilled under a vacuum (<5 mbar) from an 
oil pump, ?ltered and ?lled. 

Reference Example 9 

Process 1 

[0089] Reaction of an (AB)n-polyethersiloxane With Sty 
rene Using Trigonox® 117 as an Initiator: 
[0090] 100 g of polyethersiloxane from example 6 Were 
heated to 140° C. in a four-necked ?ask equipped With a 
stirrer, jacketed coiled condenser, thermometer and dropping 
funnel under a nitrogen atmosphere. On reaching the tem 
perature, 20 g of styrene and 1.8 g of Trigonox® 117 Were 
added dropWise in the course of 60 minutes, an exothermic 
reaction being observed. The reaction mixture Was then kept 
at 150° C. for one hour. Thereafter, With the use of a distilla 
tion bridge, residual monomers Were distilled off at 145° C. 
and under a vacuum from an oil pump. A colorless, clear 
product Was obtained. 

Reference Example 10 

Process 1 

[0091] Reaction of an (Ab)n-polyethersiloxane With Butyl 
Methacrylate using Trigonox® B as an Initiator: 
[0092] 100 g of polyethersiloxane from reference example 
6 Were heated to 160° C. in a four-necked ?ask equipped With 
a stirrer, jacketed coiled condenser, thermometer and drop 
ping funnel under a nitrogen atmosphere. On reaching the 
temperature, 20 g of butyl methacrylate and 3.6 g of Trigo 
nox® B Were added dropWise in the course of 60 minutes, an 
exothermic reaction being observed. The reaction mixture 
Was then kept at 1 60° C. for one hour. Thereafter, With the use 
of a distillation bridge, residual monomers Were distilled off 
at 145 ° C. and under a vacuum from an oil pump. A yelloWish, 
clear product Was obtained. The 1H NMR spectrum of the 
product shoWed that the benZylic position on the polyether 
(6:47 to 4.9 ppm) is preferably grafted. 

Reference Example 11 

Process 1 

[0093] Reaction of an (Ab)n-polyethersiloxane With Butyl 
Acrylate Using Trigonox® D-C50 as an Initiator: 
[0094] 100 g of polyethersiloxane from reference example 
6 Were heated to 140° C. in a four-necked ?ask equipped With 
a stirrer, jacketed coiled condenser, thermometer and drop 
ping funnel under a nitrogen atmosphere. On reaching the 
temperature, 10 g of butyl acrylate and 3.4 g of Trigonox® 
201 Were added dropWise in the course of 60 minutes, an 
exothermic reaction being observed. The reaction mixture 
Was then kept at 1 50° C. for one hour. Thereafter, With the use 
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of a distillation bridge, residual monomers Were distilled off 
at 145 ° C. and under a vacuum from an oil pump. A yellowish, 
clear product Was obtained. 

Reference Example 12 

Process 1 

[0095] Reaction of an (AB)n-polyethersiloxane With Meth 
acrylate and Ethylhexyl Acrylate using Perkadox® 16 as an 
Initiator: 
[0096] 100 g of polyethersiloxane from reference example 
6 Were heated to 82° C. in a four-necked ?ask equipped With 
a stirrer, jacketed coiled condenser, thermometer and drop 
ping funnel under a nitrogen atmosphere. On reaching the 
temperature, 20 g of a 1:1 mixture of methacrylate and eth 
ylhexyl acrylate and 5.4 g of Perkadox® 16 Were added 
dropWise in the course of 60 minutes, an exothermic reaction 
being observed. The reaction mixture Was then kept at 100° C. 
for one hour. Thereafter, With the use of a distillation bridge, 
residual monomers Were distilled off at 150° C. and under a 

vacuum from an oil pump. A colorless, clear product Was 
obtained. 

Reference Example 13 

Process 2 

[0097] Reaction of a polyether With methacrylate and eth 
ylhexyl acrylate using Trigonox® B as an initiator: 
[0098] 100 g of dihydroxypolyether from reference 
example 2 Were heated to 82° C. in a four-necked ?ask 
equipped With a stirrer, jacketed coiled condenser, thermom 
eter and dropping funnel under a nitrogen atmosphere. On 
reaching the temperature, 20 g of a 1:2 molar mixture of 
methacrylate and ethylhexyl acrylate and 5 .4 g of Perkadox® 
16 Were added dropWise in the course of 60 minutes, an 
exothermic reaction being observed. The reaction mixture 
Was then kept at 100° C. for one hour. Thereafter, With the use 
of a distillation bridge, residual monomers Were distilled off 
at 150° C. and under a vacuum from an oil pump. A colorless, 
clear product Was obtained. 

Reference Example 14 

Process 2 

[0099] Preparation of an (AB)n-polyethersiloxane: 
[0100] 712 g of the grafted polyether from reference 
example 13 Were initially introduced into a three-necked ?ask 
having a stirrer, distillation bridge and gas inlet tube, and the 
same amount of toluene Was added. After about 200 g of 
toluene had been distilled off for aZeotropic drying of the 
polyether, cooling to 75° C. Was effected, the distillation 
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bridge Was exchanged for a dropping funnel and 288 g of an 
0t,u)-dichlorodimethylpolysiloxane (B) (chain length:15) 
Were added dropWise in the course of 30 min. After a subse 
quent reaction time of 1 h at 80° C., neutralization Was 
effected With ammonia, ammonium chloride Was ?ltered off 
and the mixture Was freed from the solvent. 

Testing of Performance Characteristics: 

Testing of the Antifoam Action in Commercially Available 
Polymer Dispersions: 
[0101] For the folloWing comparison, the grafted polyoxy 
alkylene-polysiloxane block copolymers P prepared accord 
ing to the invention Were compared With the corresponding 
ungrafted polyoxyalkylene-polysiloxane block copolymers 
With regard to defoaming and compatibility before and after 
loW-temperature storage. The test Was performed using the 
acrylate dispersion Primal® SF-016, from Rohm-Haas. 
[0102] The folloWing formulations Were prepared for this 
purpose: 

110.00 g of binder (acrylate dispersion, Primal ® SF-016, Rohm-Haas) 
0.44 g of antifoam 

[0103] The antifoams according to the invention and not 
according to the invention Were ?rst incorporated for 3 min 
utes at 1000 rpm by means of a turbine stirrer (diameter 4 cm). 
[0104] Thereafter, the following investigations Were car 
ried out: 
50 um knife coating on glass: 
[0105] The stirred substance Was applied in a Wet layer 
thickness of 50 pm to a piece of glass by means of a knife 
coater. After drying, the compatibility of the antifoam Was 
assessed by visual observation of the resulting Wetting 
defects. 
[0106] Thereafter, 100 g of the mixture of binder and anti 
foam Were foamed at 2500 rpm for one minute. Immediately 
after the end of stirring, 50 ml Were transferred to a calibrated 
volumetric ?ask and Weighted. The air volume entrained 
could then be calculated according to 

% by volume ofair:100—2-GR/y 

(GRqveight of the stirred substance, YIdensity of the 
unstirred substance). 
[0107] The tests Were repeated at intervals after storage for 
several days at 4° C. 
[0108] In table 1 beloW, the results Which have been 
obtained With the grafted polyoxyalkylene-polysiloxane 
block copolymers according to the invention are compared 
With those of commercially available ungrafted antifoams. 

TABLE 1 

Foam Foam 

volume volume 

Foam storage storage 
volume Wetting (4° C.) Wetting (4° C.) Wetting 

Antifoam RT defects 1 day defects 7 days defects 

No antifoam 80 none 80 none 80 none 

Comparison 65 isolated 75 pronounced 80 pronounced 
according to 
DE-A-31 23 103 
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TABLE l-continued 
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Foam Foam 
volume volume 

Foam storage storage 
volume Wetting (4° C.) Wetting (4° C.) Wetting 

Antifoam RT defects 1 day defects 7 days defects 

Reference 50 none 60 none 80 none 

example 6 
Reference 52 none 5 3 none 5 1 none 

example 9* 
Reference 49 none 49 none 50 none 

example 1 0 * 
Reference 60 none 62 none 65 none 

example 1 1 * 
Reference 47 none 47 none 50 none 

example 1 2 * 
Reference 42 none 43 none 44 none 

example 14* 

* grafted polyoxyalkylene-polysiloxane block copolymer according to the invention 

[0109] As is evident from table 1, the grafted polyoxyalky t is 20, 
lene-polysiloxane block copolymers according to the inven 
tion are suitable for defoaming an aqueous dispersion With 
simultaneously good compatibility and, in contrast to com 
mercially available antifoams based on ungrafted polyoxy 
alkylene-polysiloxane block copolymers, are characterized 
by substantially improved low-temperature stability. The 
examples according to the invention illustrate the improved 
low-temperature stability Which is achieved by the free radi 
cal grafting of commercially available polyoxyalkylene-pol 
ysiloxane block copolymers and shows substantial advan 
tages of the performance of the product after storage for only 
24 h at 40 C. Furthermore, those other properties of these 
examples Which are relevant for use shoW no signi?cant 
changes in relation to the comparative examples. 
[0110] Having thus described in detail various embodi 
ments of the present invention, it is to be understood that the 
invention de?ned by the above paragraphs is not to be limited 
to particular details set forth in the above description as many 
apparent variations thereof are possible Without departing 
from the spirit or scope of the present invention. 

1. The use of grafted copolymers P based on polyoxyalky 
lene-polysiloxane block copolymers of the general formula 
(I) 

(I) 
Rl—O—[—A-]p—[—B—A-]m—B—[—A-]q—Rl 

in Which the radical 
A is a polyoxyalkylene block of the average formula (II) 

in Which 
d is from 1 to 3, 
n is 20, 
x is from 2 to 10, 

r is 20, 

n+r+t is 21, 
and 

R' is a monovalent aromatic, optionally substituted 
hydrocarbon radical, 

R' is a hydrogen radical or a monovalent hydrocarbon 
radical having 1 to 18 C atoms, 

R1 is an H atom, a monovalent organic linear or branched 
alkyl radical having the chain length C l-C4O or a car 
boxyl radical of an optionally branched alkyl or aryl 
ester, 

B is a polysiloxane block of the average formula (III) 

(111) 
R2 

?i — O — 

R2 
y 

in Which 

R2 are identical or different and comprise an alkyl radi 
cal having 1 to 4 carbon atoms or a phenyl radical and 

y has a value from 5 to 200, 

m has a value from 2 to 100, 

p has a value from 0 to 1 and 

q has a value from 0 to 1, 

or of the formula (IV) 

(IV) 
R2 R2 

in Which the radicals R1, A, B and m, p and q have the 
abovementioned meaning and 

C is a linear or branched alkylene radical having 2 to 20 
carbon atoms, 

in antifoams for aqueous solutions and dispersions. 
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2. The use as claimed in claim 1, wherein, in the formula 
(H), d is l, R' is phenyl and l§n<l5. 

3. The use of grafted copolymers P as claimed in claim 1, 
prepared by free radical graft polymerization of ethylenically 
unsaturated monomers M in the presence of polyoxyalky 
lene-polysiloxane block copolymers of the formulae (1) or 
(IV) as de?ned in claim 1. 

4. The use of grafted copolymers P according to formula (I) 
as claimed in claim 1, Wherein the free radical graft polymer 
iZation of ethylenically unsaturated monomers M is carried 
out in the presence of dihydroxy-functional polyethers of the 
general formula (VI) 

in Which R', R", d, n, x, t and r have the meanings stated in 
claim 1 in the description of the polyoxyalkylene block 
A. 

5. The use as claimed in claim 3, Wherein the amount of the 
ethylenically unsaturated monomers M, based on the poly 
oxyalkylene-polysiloxane block copolymers, is from 2 to 
500% by Weight, preferably from 2 to 200% by Weight, par 
ticularly preferably from 2 to 100% by Weight. 

6. The use as claimed in claim 3, Wherein the monomers M 
are selected from the group consisting of acrylic acid, meth 
acrylic acid, vinyl ethers, vinyl alcohols, vinyl esters, styrene 
and mixtures and derivatives thereof. 

7. The use as claimed in claim 6, Wherein the monomers M 
comprise derivatives of acrylic acid and methacrylic acid of 
the general formula (VII) 

XiC(O)CR7:CHR6 (VII) 
in Which 
R7 and R6, independently of one another, are selected from 

the group consisting of iH, linear Cl-Cs-alkyl chains 
or branched C 1 -C8-alkyl chains, methoxy, ethoxy, 2-hy 
droxyethoxy, 2-methoxyethoxy and 2-ethoxyethyl, 

X is selected from the group consisting of the radicals OH, 
OL, 0R8, NH2, NHRS, N(R8)2, 

R8 are linear C 1-C4O-alkyl radicals, branched C3-C4O-alkyl 
radicals, aromatic alkyl radicals or carbocyclic C3-C4O 
alkyl radicals, polyfunctional C6-Cl2 alcohols having 2 
to 10 hydroxyl groups, such as ethylene glycol, hexylene 
glycol, glycerol and 1,2,6-hexanetriol, or alcohol ethers, 
such as methoxyethanol and ethoxyethanol or polyeth 
ylene glycols, 

L is a cation selected from the group consisting of Na", K", 
Mg“, Ca“, Zn“, NH4+, alkylammonium, di-alkylam 
monium, trialkylammonium, tetraalkylammonium and 
analogous phosphoramine derivatives. 

8. The use as claimed in claim 3, Wherein the monomers M 
are selected from the group consisting of styrene, methylsty 
rene, tert-butylstyrene, styrene derivatives and mixtures of 
these monomers. 

9. The use as claimed in claim 3, Wherein the monomers M 
are selected from the group consisting of the vinyl and allyl 
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esters of linear C1-C4O-carboxylic acids, branched C3-C4O 
carboxylic acids or carbocylic C3 -C4O-carboxylic acids, in 
particular vinyl acetate, vinyl propionate, vinyl neo 
nonanoate, vinyl neoundecanoic acid or vinyl tert-butyl ben 
Zoate, vinyl or allyl halides and mixtures of these monomers. 

10. The use as claimed in claim 3, Wherein the monomers 

M are selected from the group consisting of the nitrogen 
containing monomers. 

11. The use as claimed in claim 10, Wherein the monomers 

M comprise N,N-dialkylaminoalkyl acrylates and methacry 
lates and N-dialkylaminoalkylacrylamides and -methacryla 
mides of the general formula (IX) 

(1X) 
R9 

[RIOlX 

in Which 

R9 is H or alkyl having 1 to 8 C atoms, 

R10 is H or methyl 

R11 is alkylene having 1 to 24 carbon atoms, optionally 
substituted by alkyl, 

R12, R13 are a Cl-C4O-alkyl radical, 
Z is nitrogen for x:l or oxygen for x:0. 

12. The use as claimed in claim 10, Wherein the monomers 

M comprise N-vinylimidaZoles of the general formula (V Ill) 

(VIII) 

in which R14 to R16, independently of one another, are 
hydrogen, Cl-C4-alkyl or phenyl. 

13. The use of the grafted polyoxyalkylene-polysiloxane 
copolymers as claimed in claim 1 in antifoams for aqueous 
solutions or dispersions in a concentration from 0.01 to 20% 

by Weight, based on the solution or dispersion. 

* * * * * 


